Introduction
The components of aquatic ecosystem have potential to influence helminth distribution patterns in an indirect manner (Thomas 1958; Malhotra and Nanda 1989; Kennedy and Bush 1992; Kennedy and Hartvigsen 2000; Kennedy 2009 ). The helminth fauna of bottom dweller Indian carp, Xenentodon cancilla is poorly known in India. The authors have made efforts recently to work out zoonotic interactions in helminth parasites infesting this gar fish (Teleostomi: Belonidae) (Upadhyay 2012). The nonparametric Mann-Whitney test has provided evidence of significant impact of Dissolved Oxygen and hardness due to magnesium on the infrapopulation dynamics of fish fluke, Cephalogonimus yamunii. The interionic interactions have been of special interest to work out predominant effect of specific attribute by multivariate analysis to identify its noticeable role in helminth's population dynamics. The present study has employed advanced ecological tools like Principal component analysis to substantiate impact of hydrobiological and other environmental parameters on the distribution pattern of C. yamunii.
Materials and methods
The fish were collected and worms gathered from intestine were isolated and processed for morphometric analysis as mentioned in Upadhyay et al. (2012) . The fortnightly qualitative estimation of Dissolved Oxygen (heretofore mentioned as DO in text) in water was conducted at the sites of investigation at the banks of River Yamuna (Kakraha Ghat) at Allahabad, U.P. (81°49 0 06.28 00 E (Lon)) (25°24 0 53.24 00 N (Lat), 74 m (Alt)) after APHA (1998). Water samples were collected in Torson's plastic samplers to conduct analyses of physico-chemical parameters viz., hardness (mg/l), alkalinity (mg/l), acidity (mg/l), chloride (mg/l), calcium (mg/l) and magnesium (mg/l) after APHA (1998) . Biostatistical correlations to demonstrate Linear regression, Multivariate analysis (Table 5) , Principal component analysis, Pearson correlation matrix (heretofore mentioned as PCM in the following text), Students' t' test, the non-parametric Mann-Whitney's test, and Poisson distribution were worked out by using SYSTAT11 software.
Results

Hydrobiological parameters
Monthwise association of combined influence of hydrobiological factors on infection prevalence and mean intensity by C. yamunii in X. cancilla was strongest in May and June during 2008 and during November in 2009 -2010 . The functional linear regression trends illustrating effect of individual hydrobiological factors on infection prevalence and mean intensity in either sex of fish during 2008-2009 and 2009-2010 are presented in Table 1 . The Linear regression curves depicting varied influence of hydrobiological parameters on infection prevalence and mean intensity by C. yamunii in both sexes of fish during 2008  Table 2 ) and during -2010  Table 2 ) were computed. The break-up of illustrations for alkalinity (Table 2) , acidity, DO (Fig. 1) , chloride (Table 2 ) and water temperature (Table 2) during  2008-2009 and hardness (Table 2) , alkalinity (Table 2) , acidity (Table 2) , calcium ( 
Pearson's correlation matrix
The significant impact of alkalinity for infection prevalence (PCM, 0.568), mean intensity (PCM, 0.517) in female fish, infection prevalence (PCM, -0.509) in male fish; DO for infection prevalence (PCM, 0.587), mean intensity (PCM, 0.50) in female fish, mean intensity (PCM, 0.570) in male fish; calcium for infection prevalence (PCM, -0.50) in male fish; Chloride for mean intensity (PCM, -0.50) in female fish, infection prevalence (PCM, 0.653) in male fish, and water temperature for mean intensity (PCM, -0.50) in female fish, mean intensity (PCM, -0.542) in male fish were substantiated by Pearson's correlation matrix.
Mann-Whitney's test
The Non-Parametric Mann-Whitney's Test were found significant for Dissolved oxygen on infection prevalence in male fish (v 2 = 0.55) and magnesium on mean intensity of male (v 2 = 0.50) and female (v 2 = 0.50) fish during 2009-2010 (Table 3) .
Principal component analysis
The biostatistical evaluation, particularly of Pearson's coefficient matrix affirmed dominant Ist component (PC1 P ) form Principal component analysis of infection data during [2008] [2009] [2010] (Table 4 ) by C. yamunii in X. cancilla during 24 months' study. The predominance of the Ist component was also reflected in the Scree plot and factor loadings plot of Eigenvalues as depicted in Figs. 5, 6, 7, and 8 (2008-2009 ).
Multivariate analysis
The interrelationship of multiple hydrobiological parameters reacting together in the same aquatic body during 2 years of observations were described by Multivariate analysis depicted in Table 5 .
Discussion
Hydrobiological parameters
The uniform trend of decline in infection prevalence in both sexes of fish with increase in hardness during [2009] [2010] (Table 2) , and decline in infection prevalence in both sexes of fish with corresponding decrease in calcium during [2009] [2010] , that was significant in males ( Table 2 ). The infection prevalence increased at enhanced acidity, in females (Table 2) Table 2 ), and infection prevalence also followed the similar pattern in male fish (PCM, -0.653, Table 2 ).
The temperature optimum 23-27°C was concluded in the investigations conducted on edible fish in the wild. There was a spurt in the mean intensity (Table 2) in male fish at increased temperatures during 2009-2010. The trematode recruitment was effectively under influence of spatial and temporal variations (Sausa 1990 ). The influence of temporal factors on the community dynamics of trematodes in the snails have vastly been worked out in temperate climates (Esch and Fernandez 1993) . The regular cyclic fluctuations in the prevalence and intensity of infections by trematodes under influence of temperature changes in the water bodies have been well documented (Al-Kandari et al. 2000) . The contribution of water temperature in the progression of helminthes parasites was concluded in the present study. The temperature increased the growth period of parasites and shortened their generation time (Chubb 1980; Ernst et al. 2005) . Several earlier studies have also demonstrated that numerous parasite life cycles, through developmental stage, were affected by changes in temperature (Salvati et al. 2002; Cattadori et al. 2005) . The abundance of Dactylogyrus sp. was shown to increase at higher water temperature of the water body by Koskivaara (1992) . The temperature optimum in this study, 23-27°C was closely related to 26-27°C as reported by Khan et al. (2003) for parasites of fishes in Meinhart and Manginia dam in Pakistan. The association of larval stages of trematodes with summer season in Pakistan fishes indicated that high water temperature revealed suitable conditions for their reproduction. The report by De et al. (1986) for development of Procamallanus spiculogubernaculus in the intermediate copepod hosts Mesocyclops obsolatus and M. oithoruoides to conclude 20-28°C as the best temperature regime than the other two, 29-35°C and 35-37°C for the completion of larval stage between 3 and 8 days P.I. Therefore, the association of water temperature with the development stages of variety of helminthes is well established in literature.
The conclusions of peak infection by mature flukes in late summer and spring were in conformity with report of Skorping (1981) on Bucephalopsis luciopercae infections of Perca fluviatilis and Boxshall (1974) on Lepeophtheirius pectoralis infesting flat fishes in Great Britain. These results were also closer to the conclusions of Gairola and Malhotra (1988) on the infections by D. fusiformis in Eutropiichthys vacha. The closest resemblance occurred with the spring and winter peak by trematode Accacoelium garuensis in Clupeisoma garua in the same area of study by Jaiswal (2006) .
It was concluded that DO and Magnesium play a key role in the dynamics of C. yamunii, that verified by the multivariate analysis, but the other extrinsic individual environmental factors such as hardness and alkalinity, enhanced due to the man made alterations in the natural water also play a significant impact on the establishment and abundance of the helminthes parasites in the freshwater aquatic fauna (Aznar et al. 1994; Krasnov et al. 2006) .
Principal component analysis
A dominant Ist component (PC1 p ) was observed from Principal Component Analysis of monthwise response of infection data by C. yamunii in X. cancilla (Figs. 5, 6 , 7, and 8; Table 4 ). The Scree plot of Principal Component Analysis Eigenvalues (Fig. 5) and Factor Loadings plot (Figs. 6, 7, 8 ) also confirmed the predominance of the 1st component (Table 4 ). The influence of certain pollution parameters, viz. hardness (2009-2010, ?0.815 ; Table 4 ; Figs. 6, 7) had a critical impact on the oscillations in monthly and seasonal cycle of helminth prevalence and mean intensity. Principal component analysis of infection variables of mean intensity (2008-2009: female, 0.834; 2009-2010: male, 0.737, were apparently independent of rapid changes in DO of the water body. These findings of larger PC1 p positive coefficients comprehensively substantiated predominating hardness factor, under the influence of enhanced DO and optimum thermal effect. The high level of significance depicted by Pearson's correlation matrix for effect of hardness on infection prevalence in male fish (2009-2010, PCM, -0.707), of DO in infection prevalence in female fish ( -2010 and of DO on mean intensity in female ( -2010 , further strengthened the viewpoint that the physico-chemical factors did not operate in isolation (Aznar et al. 1994; Combes 2001; Krasnov et al. 2005; Fenton 2007; Poulin and Morand 2004; Krasnov et al. 2008; Barrett 2009; Kennedy 2009 ). The evidence therefore, is available in this study to indicate that the association of infection prevalence and mean intensity was independent of fluctuations in DO of water, particularly because of the continuous availability of infective larvae of trematodes in the area of study that lead ultimately two separate waves of infection in summer and winter periods (Kennedy 1968) . Therefore, the evidence of multifactorial etiology is available. And thus no single factor could be segregated for typical twin peaks of infections during late summer and winter periods. The multivariate analysis, however, confirmed dominating influence of Dissolved Oxygen (Figs. 1, 2, 3, 4) as well as Magnesium (Tables 2, 3 Several parasite ecologists have opined that the complete life cycle of helminthes necessitated trophic transmission from one host to other, by the consumption of infected intermediate hosts (Genc et al. 2005) . The parasite carrying capacity of predator fish might essentially be higher (Amundsen et al. 2003) . Since X. cancilla (Belonidae) were predators, the prevalence of infestations of gar fish are worth being taken into account. 
